Introduction
Over the last few decades the sale of packaged food products has greatly increased all over the world. More recently, it has been recognized that the migration of packaging materials into food may present health hazards for consumers.
The migration of residual monomers from polymers into foodstuffs and the factors affecting such migration were studied by several researchers (Witey and Collins, 1978; Varner et al., 1983; Diachenko et al., 1977; Philo et al., 1994; Hammarling et al., 1995) . In all studies traces of monomers were detected in the foodstuffs or food simulants used.
Migration of stabilizers has also attracted scientists. Figg has studied the migration of organation stabilizer used in PVC into food simulants (Figg, 1980) . The results confirmed the migration of stabilizer under study into the food simulant selected.
Researchers also studied the migration of DEHA (Samia, 1991) , DEHP (Raouf, 1991) , DBP , DEP (Page and Lacroix, 1995) and polymeric plasticisers (Laurence et al., 1988) from polymers into contact food or food simulants. Migration of plasticisers was confirmed in all preceding studies.
It is worth mentioning that the migration of plasticisers generally increases the migration of other additives. In response to this, this work is concerned with the migration of DINP and DOP plasticisers from plasticised PVC sheets into food simulants. The effect of temperature on the percent loss in plasticised sheets with or without using stabilizer was studied. Tests were carried to determine overall migration from plasticised PVC into food simulants. The effect of migration on mechanical properties was then studied. Finally IR was used to detect the presence of PVC and plasticiser in food simulant.
Experimental work
The experimental work has been carried out in five steps.
Preparation of PVC sheets
The PVC sheets were manufactured from PVC resin (K-70) kindly supplied by the Egyptian Petrochemical Company. Tribasic lead stearate of constant concentration of 2phr was used. DOP and DINP plasticisers were used with different concentrations ranging from 0-50phr.
After mixing the desired formula of PVC sheets required, the mixture was extruded in a roll mill machine at a temperature of 1608C for plasticised samples and 1808C for unplasticised samples for a constant interval of three minutes with a constant thickness in most samples except for those used to study the effect of change in thickness. Thickness was changed from 0.04mm to 1.2mm by changing the distance between the two rolls. The sheets thus obtained were cut into square shaped test samples of 5cm side length for investigating the effect of temperature on migration, while circular test samples of 5cm diameter were used in migration test samples.
Effect of temperature on PVC sheets plasticised with DINP and DOP
There are a number of criteria to be considered in the selection of packaging materials. Among such criteria are the prevailing environmental conditions to which the product is exposed during distribution and storage. Such environmental conditions as temperature and relative humidity will dictate barrier properties required of the package.
Temperature plays a very important role in the amount of substance migration from plastic package into food. At high temperature certain physical and mechanical properties of the plastic material can be changed which might increase migration.
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Samples were weighed before being exposed to heating in the oven (wo). They were then heated in the oven at the required temperature and were weighed every 5 hours (wt). Percent change in weight was obtained by substituting in equation (1): % loss in weight = wo À wt wo Â 100 1
It is worth mentioning that each result in this part of the work was obtained by taking the average of five samples exposed to the same condition for the same period of time.
Overall migration from PVC sheets into food simulants
Food simulants are usually used in preference to foods in migration tests for two basic reasons:
(1) The analytical procedure is usually simpler and easier to perform since identification of migration species in the presence of chemically complex mixture, as in the case of many foodstuffs, presents enormous problems. (2) Using standard simulants, information obtained can be related to a wide range of foods.
The liquid test foodstuffs used in this study are those specified in all national and international or legal regulations. The simulants used are: distilled water, 1 percent sodium chloride solution, saturated sugar solution, 10 percent normal butanol solution and commercial ethanol. Distilled water simulates non-acid foods. On the other hand, water, in some cases, is stored in plastic containers for long periods of time. In addition beverages, the main constituent of which is water, are usually packaged in PVC bottles. Even milk of different qualities and even liquid cream (30 percent fat content) is more realistically simulated in migration tests by aqueous test media than fatty simulants.
Saturated sugar solution simulates food containing high sugar percent as fruit juices, honey, sweets ... etc. which in a lot of cases are packaged in PVC films or containers. Distilled water was used for preparing the saturated sugar solution.
1 percent NaCl simulates foodstuffs with pH value of 5 while 10 percent n-Butanol simulates foods and medicine containing alcohol.
A simple gravimetric procedure was used in determining the quantity of material which has migrated from the plastic sample into the foodstuffs. Samples were weighed before immersion (wi) for one month in the food simulants listed above in the migration cell shown in Figure 1 .
Test conditions involved maintenance of two-sided contact between test samples and contact phase.
Samples were washed to remove adhering food simulants and then dried. Final weights of the samples were then obtained (wt). The amount of material which has migrated from the plastic was then calculated as percent weight loss of the plastic sample by substitution in equation (1).
The effect of immersion in food simulants on mechanical properties of tested samples
Percent elongation and tensile strength were obtained to show the change in mechanical properties of the plastic samples due to the contact with food simulants.
The samples were cut into two individual dumbbell shapes by a fine-edge steel die of constant width of (0.4cm).
Detection of the presence of PVC and plasticiser in food simulants by using IR spectroscopy An IR spectrophotometer was used to detect the presence of PVC in food simulants.
Results and discussion

Effect of temperature on test samples
With foodstuffs packed in plastic materials, storage periods of several months at room temperature must be taken into consideration in spite of the intrusive utilization of cold stores and refrigerators in trade and households.
Instead of determining the migration under these conditions, high temperatures were applied on plastic samples for a period of five hours. In addition to this, packed foodstuffs in plastic bottles, containers, films and plastic stoppered containers are in some cases pasteurized by short-term heating before cooling in cool places. Figure 2 shows the effect of applying a temperature of 1008C over a period of five hours on PVC resin and on the same quantity of resin added to 2 percent tribasic lead stearate as a thermal stabilizer. If one studies time-dependent course of percent change in weight of PVC resin, it will be found that it has a typical exponential trend resembling an isotherm, i.e. at the beginning, the increase of percent loss in weight per time is substantially greater than in the later stage. The Figure shows that there is almost no further loss in weight after two hours' exposure to a temperature of 1008C. The percent loss in weight reached a final value of 0.275 percent after five hours.
The Figure also shows that the presence of 2 percent thermal stabilizer (tribasic lead stearate) decreases the loss in weight when subjected to the same conditions to which PVC resin alone was subjected. It reached a final value of 0.1 percent after five hours. This could be attributed to the fact that the thermal stabilizer resists and thus decreases the thermal cracking. Figure 3 illustrates the effect of different temperatures on unplasticised PVC sheets (UPVC). Different temperatures were used within the range 508C-1508C.
As is clear from the results the percent loss in weight of UPVC is dependent greatly on both temperature and time.
While percent loss in weight of samples at 508C after one hour was 0.01 percent, it reached 0.035 percent after five hours. On the other hand, when heating to a temperature of 1508C for five hours percent loss in weight reached a value of 0.1 percent, i.e. about ten times its value at 508C and one hour. This could be attributed to the fact that the thermal cracking operation responsible for the breaking of the PVC bonds is an endothermic reaction that needs energy to proceed. Figure 4 shows the effect of different temperatures (508C-1508C) on PVC sheets plasticised by either DOP or DINP plasticisers when applied for a duration of five hours. Different concentrations of plasticisers were tested within the range of 0-40phr.
Results obtained on using both plasticisers showed the same trend; the percent loss in weight of the samples under test was found to be proportional to both the concentration of the plasticiser and the applied temperature. However, on using DINP as a plasticiser the samples showed lower decrease in weight compared to the case when DOP was used. This could be attributed either to the fact that DINP is less volatile than DOP or the fact that DINP has a thermal stabilizing effect.
It is worth mentioning that the total percent loss in any sample is the summation of loss due to the volatility of the plasticiser and due to thermal cracking.
Percent loss in weight of the plasticiser was calculated using equation (2) and results are shown in Figure 5 for both plasticisers under study with different concentrations upon heating at 1008C: % loss of plasticiser = % total loss ±% loss of UPVC} (2) It is clear that the total percent loss in weight is affected by the percent loss in weight of plasticiser rather than thermal cracking. Again DINP showed lower percent loss in weight than DOP.
Overall migration from plasticised PVC into food simulants Quantifiable migration occurred from the polymer samples into all tested food simulants. Greater overall migration was observed in the case of using 10 percent Nbutanol solution as food simulant. This high effect could be attributed to the fact that both plasticisers have a certain solubility in alcoholic solutions.
The effect of the saturated sugar solution was found to come next after the N-butanol in terms of percent loss in weight. This could be due to the fact that organic materials are soluble in organic solvents, and as a matter of fact fermentation was noticeable after 15 days in spite of the fact that the cell was firmly closed. This fermentation might have led to the formation of either ethanol or acetic acid, which might have led to this high percent loss in weight.
However, least overall migration was observed in the case of using distilled water as simulant owing to its freedom from any organic or inorganic compounds which might affect the PVC sheets.
On the other hand, it is clear that the percent loss in weight of the tested sheets upon immersion was found to be generally higher upon using DOP plasticiser in case of all simulants used. This could be attributed to the fact that DINP is of higher molecular weight leading to strong bonding with PVC molecules, DINP is less volatile than DOP, in addition to the fact that DINP is more thermally stable than DOP.
To study the effect of thickness of the PVC sheets on migration, PVC samples plasticised with 50phr of DOP plasticiser have been prepared with different thicknesses (0.4, 0.6, 0.8 and 1.2mm). This has been attained by changing the distance between the two rolls in the machine used in the manufacture of the PVC sheets. The samples were immersed in commercial ethanol for one month. Figure 6 shows thickness having an inverse relation with migration as increase in thickness resulted in lower percent loss in weight. This might be due to the fact that decreasing thickness increases degree of swelling.
Effect of immersion in food simulants on mechanical properties of tested sheets
For the purpose of testing the plasticiser permanence the physico-mechanical properties were determined on plasticised PVC test specimens after their total immersion in different food simulants for one month. Results are included in Table II which shows a comparison between percent elongation and tensile strength of plasticised PVC sheets with 30phr DOP and DINP before and after contacting with food simulants.
The polymer, because of loss of plasticiser, shows change in mechanical properties; percent of elongation in most cases was found to decrease while tensile strength showed an increase.
It is considered that the plasticisers act by inducing a shift of the polar groups of polymer and plasticiser. The polar groups of the plasticiser molecule weaken the intermolecular force of the polymer molecules by inserting themselves between them and linking on the polymer dipoles so that molecular associations take place. Thus the rigid macromolecules relax, the chains become more mobile and elastic, losing parts of their stiffness.
The process could be very well explained by supposing that the PVC macromolecules have a spiral structure. Thus the plasticiser polarity is of great importance and is at the same time one of the conditions of good compatibility. Thus change in mechanical properties could be attributed both to the loss of plasticiser and to the change in the structure of PVC due to the immersion.
N-butanol, which showed the highest percent loss of plasticiser did not show the highest effect on mechanical properties. It is also clear that the effect of DINP is greater on tensile strength than DOP.
In the case of using distilled water as a simulant to food, percent elongation increased by the increase in concentration of plasticiser in PVC sheets and without contact with distilled water being higher than with contact with distilled water. It is hard to attribute this change in percent elongation only to loss of plasticiser; thus structure of PVC sheets must have been affected by immersion. On the other hand, tensile strength clearly decreases by increase of concentration of plasticiser and increases by contact with distilled water.
Detection of food simulants by IR
The presence of plastic materials in the food simulants under study was determined using IR spectroscopy and a summary of results obtained is shown in Table III .
For IR tests in the case of using distilled water, N-butanol and saline solution as food simulants peaks were detected at wavelengths 3,480cm -1 , 2,080cm -1 , 1,950cm -1 , and 200-500cm -1 indicating the presence of OH groups from H 2 O, CH 2 or CH 3 from PVC, C = O from DOP or DINP and an inorganic compound most probably from stabilizer.
However in the case of using sugar solution in addition to the above mentioned peaks, a peak is clear at the wavelength of 1,050cm -1 indicating the presence of C-O and O-H groups which detect the presence of primary alcohol which might be due to fermentation.
As for PVC sheets after contacting with commercial ethanol presence of a peak at the wavelength 740cm -1 was noticed, indicating that the migration of traces of PVC or VCM into commercial ethanol has occurred.
Conclusion
Based on the results of this work, gravimetric analysis was found to be useful in the study of the migration phenomenon in case of long period tests where change in weight is obvious, as in the case of high concentration of plasticisers. In case of using PVC as packaging material, DINP, although more expensive, is recommended to be used instead of DOP as it has a higher resistance to migration than DOP Migration of plasticiser from plastic material into food resulted in change in mechanical properties of tested material and thus this change can be used as an indication of loss of PVC additives into food.
It is worth mentioning that, although in the presented work only aqueous food simulants were used, it should be noted that some components of plastics can also migrate into dry foodstuffs; thus one should not assume that packaging materials for such foodstuffs do not need to be tested.
Finally, PVC packaging material, although highly used all over the world, is not recommended as each of the monomers, stabilizers and plasticisers are subject to migration into packaged foods. 
